Background: To examine the difference in the survival of patients with recurrent ovarian cancer who received fertility-sparing surgery (FSS) and those receiving radical surgery. Methods: Clinicopathologic data on a total of 90 patients with stage I recurrent ovarian cancer collected under the central pathological review system were subjected to survival analyses. Patients were divided into 2 groups: 1) FSS (N = 11); 2) Radical (N = 79). Results: Five-year overall survival rates of patients in the two groups were as follows: 40.8% (FSS)/44.2% (Radical), respectively. There was no significant difference in overall survival among the groups (P = 0.887). Additionally, three-year postrecurrence survival rates of patients in the two groups were 24.8% (FSS) and 25.3% (Radical) (P = 0.730). Furthermore, we accumulated 137 patients {FSS (N = 58), Radical group (N = 79)} with stage I recurrent ovarian cancer from the current study and six representative reports in the literature. Patients who experienced recurrence in the remaining ovary alone (FSS) showed a more favorable prognosis than those who had extra-ovarian site recurrence (overall survival: P = 0.021, postrecurrence survival: P = 0.069). Conclusions: Although our retrospective analysis was very preliminary, we could propose the hypothesis that patients with stage I recurrent ovarian cancer who undergo FSS may not show poorer survival rates than patients who receive radical surgery.
Introduction
In the Cancer Statistics of 2008, it was estimated that 225,900 women were diagnosed with epithelial ovarian cancer (EOC), and 140,200 died of the disease worldwide [1] . A number of investigations have estimated that 3% -17% of all EOCs occur in patients at reproductive age [2] [3] [4] [5] [6] . In Japan, approximately 10% of women with EOC were reported to be diagnosed at childbearing age [7] . In this young generation, the preservation of reproductive and/or female endocrine functions is a crucial problem.
Thus, since most young women with early-stage EOC desire to preserve their reproductive functions, fertility-sparing surgery (FSS) has been selected in those patients for stage I invasive EOC under several criteria, including patients' strong wish, substage, histological type, and tumor grade. However, the amount of evidence has not been sufficient to answer whether, in selecting FSS, the risk of recurrence or death may be increased. In our recent study, to assess the appropriateness of FSS, we compared survival between 74 patients who had undergone FSS and 498 patients receiving radical surgery. On comparison, we revealed that there was no difference in the overall and recurrence-free survival between the two groups, either on uni-or multivariable analysis [8] . Nevertheless, here, we are again reminded of the question of how favorable the prognosis is of recurrent EOC patients receiving FSS. With regard to women with recurrent EOC who have undergone FSS, there has been limited information yielding by previous studies.
In the present study, in an attempt to answer the above-mentioned questions, we retrospectively examined the difference in the overall and postrecurrence survival of patients with stage I recurrent EOC who had received conservative and radical surgery. Furthermore, in accumulating patients from the current study and previous literature, we also investigated whether there was an association between the recurrence sites and clinical outcome. Herein, the novel concept of FSS in stage I EOC patients is proposed.
Materials and Methods

Patients
A variety of malignant ovarian neoplasms have been accumulated by the Tokai Ovarian Tumor Study Group, consisting of Nagoya University and affiliated cooperating institutions, under the central pathological review system since 1986. Up to the present, more than 1500 cases of EOC have been registered and analyzed in this group. From these cases, there were 584 patients with stage I EOC, excluding borderline malignancy, that we could obtain available data on regarding management and outcomes with a sufficient length of follow-up. During observation, 90 patients experienced recurrence, including 11 and 79 patients who had received FSS and conventional radical surgery, respectively (Figure 1) . Recurrence rates in the FSS and RS groups were 14.7% (11/75) and 15.5% (79/509), respectively. In the current study, the above 90 patients with stage I recurrent EOC were retrospectively analyzed. In principle, we carried out FSS for those patients under the concrete criteria below 8: 1) had histologically confirmed stage I EOC; 2) were less than or equal to 40 years of age at the time of the initial diagnosis; 3) strongly desired to retain fertility; 4) in a preoperative counseling session, these women were informed of the possible risks and benefits of FSS, and signed a consent form. This study was approved by the ethics committee of Nagoya University. Data were collected from the medical records and at clinical follow-up visits. Twenty-one patients were excluded from this study when they showed insufficient clinical data (N = 16) or were lost to follow-up immediately after surgery (N = 5). The histological types and tumor grade were assigned according to the criteria of the World Health Organization (WHO). The stage was based on FIGO (International Federation of Gynecology and Obstetrics: 1988). Histological slides were reviewed by one of the authors under a central pathological review system with no knowledge of the patients' clinical data.
The surgical procedure when we selected FSS was described previously [8] . In the present study, we defined FSS for EOC as at least conservation of the uterus, contralateral ovary, and fallopian tube with full peritoneal staging (cytology of peritoneal washing or ascites, care- ful palpation and inspection throughout the peritoneal cavity, and, if necessary, multiple peritoneal biopsies). In patients who had undergone radical surgery as an initial treatment, the following were carried out in principle: hysterectomy and bilateral salpingo-oophorectomy with peritoneal staging (peritoneal washing, omentectomy, multiple peritoneal biopsies, and the removal of peritoneal implants) with retroperitoneal lymphadenectomy or sampling. In part of the patients at too advanced an age (e.g., over eighty years old), or with severe complications, retroperitoneal lymphadenectomy was exceptionally omitted. If retroperitoneal lymphadenectomy was omitted, the absence of a swollen lymph node more than 1 cm in diameter was confirmed by preoperative CT scan; however, if present, palpable nodes were appropriately sampled.
In all, 78 patients (86.7%) were treated postoperatively with 3 to 6 cycles of adjuvant platinum-based chemotherapy (50: taxane plus platinum, 28: conventional platinum-based chemotherapy). Twelve (13.3%) did not receive adjuvant chemotherapy due to severe comorbidities, the patients' wishes, being within the criterion of omission (stage IA/grade 1), and the decision of each institution.
Follow-Up and Analysis
At the end of treatment, all patients underwent a strict follow-up, consisting of clinical checkups such as a pelvic examination, transvaginal and/or transabdominal ultrasonographic scan, CA125 evaluation, and periodic plain and/or contrast-enhanced multislice CT scan throughout the trunk. The overall survival (OS) was defined as the time between the date of surgery and last date of followup or death due to EOC. The postrecurrence survival was defined as the time interval between the date of recurrence and last date of follow-up or death due to the disease. The distributions of clinicopathologic events were evaluated using the Chi-square or Fisher's exact tests. Univariate survival analysis was based on the KaplanMeier method. Comparison between the survival curves was conducted using the Log-rank test. A P-value of <0.05 was considered significant.
Results
Clinical Outcome
Patients' characteristics are summarized in Table 1 . The median follow-up for all surviving patients was 36.4 (4.6 -214.6) months. The stage distribution was as follows: patients who had received FSS (Radical): IA: 2 (12), IB: 1 (3), and IC: 8 (64). In addition, the distribution of the histological type was as follows: FSS (Radical): serous: 2 (12), clear-cell: 1 (37), endometrioid: 3 (13), mucinous: 4 (14), and others: 1 (3). Moreover, the rates of positive cytology/washing were 45.5% (5/11) in the FSS group, and 32.9 (26/79) in the radical surgery group. There was no difference in the distribution of the listed clinicopathologic factors excluding age. A flow chart of patients included in the study is shown in Figure 1 . The site of recurrence in patients who had undergone FSS was: 2 in the contralateral ovary, and the 9 in distant organs and/or the peritoneal cavity.
As a consequence of postrecurrence salvage therapy, including second radical or cytoreductive surgery with front-/second-line platinum-based chemotherapy, the clinical outcomes in patients who had undergone FSS (Radical) were as follows: no evidence of the disease: 1 (0), alive with the disease: 3 (15) , and died of the disease: 7 (64).
Next, we compared the OS between the FSS and radical surgery groups. The 5-year OS rates were 40.8% (FSS) and 44.2% (Radical). The patients in the FSS group did not show a poorer OS than those in the radical surgery group (P = 0.887) (Figures 2 and 3) shows the postrecurrence survival curves of patients in both groups. The 3-year postrecurrence survival rates of patients in FSS and radical surgery groups were 24.8%, and 25.3%, respectively. The postrecurrence survival of patients in the FSS group was the same as that of patients in the radical surgery group (P = 0.730).
To eliminate selection bias from a number of clinicopathologic factors as thoroughly as possible, the age (≤40 vs. >40), FIGO stage (IA vs. IB-C), surgical procedure (FSS vs. Radical), histological type (clear-cell vs. nonclear-cell), and postoperative adjuvant chemotherapy (absent vs. present) were entered into the multivariable analyses ( Table 2) . Among those factors, the stage was a significantly or marginal-significantly poorer prognostic factor for overall (P = 0.040) and postrecurrence survival (P = 0.051). However, the surgical procedure was not (OS, HR: 1.012, 95% CI: 0.379 -2.698, P = 0.982; Postrecurrence survival, HR: 1.298, 95% CI: 0.483 -3.493, P = 0.605). 
Survival Analysis in Patients with Recurrent EOC, with Evidence from the Current Study and Representative Literature: FSS vs. Radical Surgery
Previous reports regarding recurrent EOC patients treated conservatively are extremely limited. However, in six previous studies reporting patients who had undergone FSS, clinical outcomes, including survival data, were described in detail [9] [10] [11] [12] [13] [14] . A total of 138 patients with stage I recurrent EOC were accumulated from both the current study and literature {59: FSS (11: current study, 48: in the literature) and 79: Radical surgery (current study)}. The characteristics and distribution of clinicopathologic factors and oncologic outcomes of those patients are presented in Table 3 . Among 58 in 59 patientswho underwent FSS and with clinical information on recurrence sites, there were 16 patients (27.6%) who experienced recurrence in the contralateral ovary alone. In contrast, in the remaining 42 patients (72.4%), the site of recurrence was throughout the peritoneal cavity (PC) and/or distant organs. We further analyzed them by stratifying patients by recurrence site, as follows: 1) FSS (ovary); 2) FSS (PC/distant); and 3) Radical surgery. Figure 4 (a) shows OS curves of the three groups. Patients in the FSS (ovary) group showed a more favorable OS than those in the FSS (PC/distant) (P = 0.021) or radical surgery group (P < 0.0001). Furthermore, regarding postrecurrence survival, a similar tendency was noted among the three groups {FSS (ovary) vs. FSS (PC/distant), P = 0.069: FSS (ovary) vs. Radical, P < 0.0001} (Figure 4(b) ). type, and tumor grade [10] [11] [12] [13] 15, 16] . Nevertheless, owing to the uncertain risk of leaving an occult tumor in the remaining contralateral ovary or threat of recurrence anywhere, we frequently question choosing FSS for all patients with stage I EOC. In this regard, two principal questions underlie: when we select the surgical procedure, is the postrecurrence survival altered if we select FSS? Or, is their prognosis influenced if the site of recurrence differs? To answer these questions as fully as possible, we have reported an investigation comparing the prognosis of patients receiving FSS with those who underwent radical surgery from various points of view, including tumor differentiation, histology, and the substage of stage I [8, 17, 18] . As a result, we have shown that there was no difference in the overall and recurrence-free survival of patients between the two groups, although there were several limitations reflecting the retrospective nature 8. However, there arose a new question of whether recurrence cases who had undergone FSS showed a poorer survival than those who had received radical surgery and experienced recurrence. In the current study, we also showed that there was no significant difference in overall and postrecurrence survival between the two groups.
Since it was a very small-scale examination, we could not derive a definite conclusion from this. However, to our knowledge, there has been no study comparing the survival time between them. At least, we could propose the hypothesis that the prognosis of patients with recurrent EOC undergoing FSS may be the same as that of those receiving radical surgery. To verify the appropriateness of FSS for early-stage EOC, we hope that it is confirmed by further examination.
Based on a number of studies reporting FSS in patients with recurrent EOC, the recurrence site was divided into two major parts: 1) remaining contralateral ovary alone, and extra-ovarian organ including sites, such as the peritoneal cavity and/or distant organs. According to the large-scale retrospective report by Satoh et al., five patients with EOC who received FSS experienced recurrence within the remaining ovary. Then, they were treated with salvage surgery and showed no evidence of disease [12] . In addition, a number of such patients in the literature were consequently rescued similarly. Thus, we expected that these patients display better postrecurrence survival following salvage treatment compared with those with extra-ovarian recurrence sites. To confirm this hypothesis, we further analyzed a total of 137 patients with stage I recurrent EOC who had undergone FSS (N = 58) or radical surgery (N = 79), accumulating them from the current study and representative literature [9] [10] [11] [12] [13] [14] . As a consequence, in patients of the FSS group, a markedly favorable prognosis was noted, as shown in the survival curve, when recurrence was observed in the remaining ovary alone. In addition, prognostic inferiority was not observed in the patients who experienced recurrence in extra-ovarian sites after FSS to those who underwent radical surgery. Why did patients who developed recurrence show comparatively favorable survival rates? If the recurrence originated from the occult metastasis via peritoneal dissemination and/or lymphovascular flow, it would be a poorer oncologic outcome than we observed in the current study. Although it is a personal hypothesis, the remaining ovary-confined relapse may be due to the de novo tumor generation. We would like to evaluate this in a future study.
In summary, a novel finding regarding FSS for earlystage EOC is proposed. At least, we presented a hypothesis that patients who received FSS may not necessarily exhibit poorer postrecurrence survival than those who underwent radical surgery. Our retrospective analysis was too preliminary and had a lot of limitations, such as a small number of cases, lack of sufficient power, and variable follow-up length, to reach a definite conclusion.
Furthermore, in evaluating FSS for Stage I EOC, several clinicopathologic indicators, including substage, tumor grade, and histological type, overlap with one another and present an unexpectedly complicated picture. It is possible that patients who selected FSS potentially had a favorable clinicopathologic factors than those with radical surgery. Essentially, the randomized controlled trial is a solution to this problem; however, it is actually very difficult to perform because of ethical aspect. Nevertheless, indeed, women who face a serious problem are at a loss regarding how long patients underwent FSS survives once they experience recurrence and what they should choose. Our current data could be hypothesis-generating for a gynecologic oncologist and patient who are confronted with this crucial issue. To assess the further appropriateness of FSS, we would like to accumulate more experiences of this tumor and reconfirm the current results in the future.
